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ABsTRACT.-Three tetrahydrofuran lignans [l-3} were obtained from the leaves of Bupleu17lm 
salici!olium, of which busaliol {l} and busalicifol {2} are novel. Their structures were determined 
by spectral and chemical methods. Also obtained in this investigation were a number of other 
lignans, coumarins, a polyacetylene, and a triterpenoid, all of known structure. 
Bupleurum salicifolium Sol!. ex Lowe 
(Umbelliferae) is endemie to the Canary 
lslands and is a speeies highly speeialized 
in the biosynthesis of seeondary metabo-
lites derived from shikimie aeid (1-7). 
This paper repores the isolation and strue-
ture elucidation of two new tetrahydrofu-
ran lignans, busaliol [l} and busalieifol 
[2} from B. salicifolium. Although the 
biologieal aetivity of these lignans has yet 
to be evaluated, other tetrahydrofuran 
lignans have been shown to be CNS stimu-
lants and to aet synergistieally with the 
inseetieide pyrethrum (S-lO). Several 
metabolites were also isolated from the 
EtOH extraet of the leaves after repeated 
ehromatography on Si gel and Sephadex 
LH-20; inclusive of the polyaeetylene, 
SS -heptadeea-2(Z)-9(Z)-diene-4 ,6-
diyne-1,S-diol (11); the triterpenoid, 
berulin; six coumarins eomprised of 6, 7 ,S-
trimethoxyeoumarin, herniarin, seo-
poletin, seoparone, and limettin (12-
16); and nineteen lignans, eonsisting of 
bursehernin, matairesinol dimethy 1 ether, 
kaerophyllin, guayadequiol, pluviatolide, 
Me:tJI .. I 
' .. I 7" 
6 , 
1 R,=H, R,=R4 =R5 =OH, R¡=OMe 
2 R,=OEt, R,=R4=R5=OH, R¡=H 
3 R,=H, R,=R4=R5=OH, R¡=H 
4 R,=H, R,=R4 =R5 =OAc, R¡=OMe 
5 R,=OEt, R,=R4=R5=OAc, R¡=H 
guamaroline, bupleurol, matairesinol, 
epipinoresinol, (- )-aretigenin, (- )-nor-
trachelogenin, thujaplieatin methyl ether, 
guayarol, salieifolin, isosalieifolin, (-)-
epinortrachelogenin,2-hydroxythujapli-
eatinmethyl ether, 2,5-dehydrothujapli-
eatinmethyl ether, and 3-(2 ,4-dihydroxy-
3 -methoxybenzy 1)-4-( 4-hydroxy- 3-
methoxybenzyl)tetrahydrofuran [3} (2, 
5,7,17-21). 
Repeated ehromatography on Si gel 
and SephadexLH-20 of the EtOH extraet 
of the leaves of B. salicifolium gave three 
tetrahydrofuran lignans [1-3} along with 
the other eonstiruents of known strue-
ture listed above. Compound 3 was iden-
tified as 3-(2,4-dihydroxy-3-methoxy-
benzyl)-4 -( 4 -hyd roxy- 3 -methoxy-
benzyl)tetrahydrofuran whieh was iso-
lated previously from Tinospora cordifolia 
Miers (Menispermaceae) (21). 
Compound l was isolated as an oil, 
showing a positive optieal rotation and a 
[Mt at miz 390.1679, eonsistent with 
the molecular formula C21H26Ü7' lts uv 
(234, 2S0 nm)and ir(3420, 3012,1612, 
1514 em -1) data indieated its aromatie 
nature and the presenee of one or more 
hydroxy groups. The IH-nmr speetrum 
of l (Table 1) exhibited the general fea-
tures of tetrahydrofuran lignans (21-23) 
and was similar to that of 3. A multiplet 
at 8 2.45, double doublets at 8 2.40, 
2.74, and a multiplet at 8 2.60 were 
attributed to H-S', H-70., H-713, and H-
S, respeetively, while four double dou-
bletsat8 3.4S, 3.52, 3.S2,and4.09were 
assigned to H-90.,13 and H-9' 0.,13. Sig-
TABLE 1 'H-Nmr Data ofCompounds 1-5' 
Compound 
Proton 
1 2 3 4 5 
2' ............ 6.68 s 6.94d 6.92 d 6.70 s 6.83 d 
(1.8) (1.9) (1.8) 
5' ............ - 7.01 d 7.05 d - 7.13 d 
(7.8) (8.1) overlapping 
6' ............ 6.68 s 6.87 dd 6.82 dd 6.70 s 6.70 dd 
(8.2, 1.8) (8.0,1.9) (8.1, 1.9) 
2 ............ 6.46 d 6.72 d 6.45d 6.52 m 7.04 d 
(1.9) (1.8) (1.9) (1.9) 
5 ............ 6.97 d 6.92 d 6.94 d 6.95 d 6.95 d 
(8.0) (7.8) (8.1) (8.5) (8.0) 
6 ............ 6.56 dd 6.62 dd 6.55 dd 6.52 m 7.13 d 
(1.9,8.0) (7.9,1.8) (8.2, 1.8) overlapping 
70. ........... 2.40 dd 4.05 d 2.37 dd 2.20-2.60 m 4.09 
(12.7,10.3) (8.2) (12.9, 10.4) (8.4) 
713 ........... 2.74 dd 2.78 dd 2.20-2.60 m 
(12.6,4.5) (12.9,4.6) 
7' ............ 4.93 d 4.63 d 4.86 d 4.87 d 4.57 d 
(6.1) (7.50) (6.2) (5.4) (8.8) 
8 ............ 2.60 m 2.57 m 2.59m 2.20-2.60 m 2.25 m 
8' ............ 2.45 m 2.04 m 2.22 m 2.20-2.60 m 2.26m 
90. ........... 3.48 dd 4.07 dd 3.42 dd 3.70 dd 3.96 dd 
(6.2,8.6) (8.8,7.6) (6.8,8.5) (6.3,8.6) (7.0,9.2) 
913 ........... 3.52 dd 4.37 dd 3.51 dd 3.99 dd 4.56 dd 
(6.1,8.5) (8.9,4.8) (8.5,7.0) (6.2,8.6) (9.1,4.0) 
9'0. .......... 3.82 dd 3.28 dd 3.80 dd 4.01 dd 3.81 dd 
(11.0,7.0) (6.7,7.1) (6.4,10.4) (7.3, 11.3) (6.0,9.0) 
9'13 .......... 4.09 dd 3.08 dd 4.05 dd 4.30 dd 3.81 dd 
(6.3, 11.0) (7.0,9.2) (6.5,8.6) (6.4, 11.3) (6.0,9.0) 
OMe ......... 3.37 s (X2), 3.17 s, 3.21 s 3.13 s, 3.16 s 3.36 s (X2), 3.42 s, 3.43 s 
3.18 s 3.30 s 
OH/OAc ...... 1.40 s, 5.34 s, 1.58 s, 5.61 s 5.36 s, 5.44 s 1.70 s, 1.93 s, 1.56 s, 1.85 s, 
5.38 s 2.00 s 1.88 s 
CH,CH'O- ..... - 1.05 t - - 1.03 t 
(6.1) (6.1) 
CH,CH'O- ..... - 3.18m - - 3.22 q (6.9) 
overlapping 3.05 q (6.9) 
'Recorded in C.D. at 200 MHz with TMS as interna! standard; va!ues m 8 (ppm); couphng constants (Hz) m 
parentheses. 
nals for two singlets at B 3.18 (3H) and B 
3.37 (6H) corresponded to three methoxy 
groups, and two broad singlets at B 5.34 
and B 5.38 ro phenolic OH groups. An 
ABX spin system (B 6.46, 6.56, 6.97) 
was attributed to a 1,3,4-trisubstituted 
aryl group and a singlet at B 6.68 was 
assigned to a 1,3,4,5-tetrasubstituted 
aromatic ringo The main difference with 
respect to 3 was the signal ofH -8' , which 
shifted 0.23 ppm downfield for 1 with 
respect to the same signal in 3, and the 
presence of an additional methoxy group. 
The lH_1H COSY experiment was 
particularly helpful in elucidating the 
sttucture of compound 1. The coupling 
between the singlet at B 6.68 for H-2' ,H-
6' with the doublet at B 4.93 for H-7' 
established that the syringyl group (3' ,5' -
dimethoxy-4' -hydroxyphenyl) was at-
tached to C-7' rather than C-7. No cou-
pling between H-8 and H-8' could be 
discerned, which suggested atrans stereo-
chemistry with a dihedral angle between 
these hydrogens close to 90°. 
The ms of 1 gave prominent frag-
mentpeaksatm/z 390 (M+), 181 (100%) 
(C9HP4)' 167 (22%) (C9H IO0 3), 153 
(26%) (CSHP3)' 137 (81%) (CSH S0 2), 
123 (19%)(~H702)' as in similar lignans 
TABLE 2. I3C-Nmr Data for Compounds 1-5.' 
---------- ------- ---- ---
Compound Compound 
Carbon Carbon 
1 2 3 4 5 1 2 3 4 5 
1 ....... 132.20 13l.49 133.45 138.20 139.05 l' ......... 133.95 133.50 136.68 14l.06 140.46 
2 ....... 111.14 108.76 113.09 112.73 110.04 2' ......... 102.40 109.61 110.40 1Ol.99 110.54 
3 ....... 146.50 146.61 148.35 15l.02 15l.07 3' ......... 147.02 146.77 148.23 152.11 151.32 
4 ....... 143.96 145.17 145.76 138.83 139.36 4' ......... 143.96 145.41 146.55 138.83 139.36 
5 ....... 114.40 114.09 116.29 122.80 122.66 5' ......... 147.02 114.13 114.88 152.11 122.66 
6 ....... 121.14 120.98 12l.86 120.53 119.53 6' ......... 102.40 119.32 119.36 1Ol.99 118.14 
7 ....... 33.28 83.01 34.06 33.45 82.71 7' ......... 83.03 83.86 83.72 83.04 83.40 
8 ....... 42.31 49.87 43.55 42.06 48.93 8' ......... 52.55 5l.61 53.91 49.00 49.61 
9 ....... 72.91 64.06 73.76 72.80 64.41 9' ......... 60.92 62.95 6l.05 62.71 63.74 
OMe .... 2X56.31 55.95 57.48 2X56.16 55.89 OCH2CH3 •• • - 70.65 - - 70.50 
OMe .... 55.81 55.86 57.48 55.84 55.89 OCH2CH, ... - 15.14 - - 15.19 
OAc ..... - - - 20.46/168.83 20.66/168.88 OAc ....... - - - 20.87/17l.00 20.66/170.75 
OAc ..... - - - 20.65/169.00 20.66/169.04 
aRecorded in CDCI, at 50 MHz; chemical shifts are given in 8 (ppm). 
(21), and was consistent with the other 
data described aboye. 
13C_ N mr assignments (Table 2) were 
made for 1 on the basis of chemical shift 
calculations and by comparing the values 
with those reported for other tetrahydro-
furan lignans like 3 (21). The 13C-nmr 
spectrum and DEPT experiment of 1 
revealed the presence of three methoxy 
(3q,8 56.31 X2, 55.S1), three methylene 
(t, 8 42.31, 52.55, S3.03), and twelve 
aromatic carbons, of which seven were 
quaternary (s, 8 132.2, 133.95, 
143.96X2, 147.2X2, 146.50), and the 
remaining five were unsubstituted aro-
matic carbon atoms (d, 8 102.40X2, 
111.14,114.40,121.14). The main dif-
ferences with respect to 3 were the signals 
attributable to aromatic carbons, with 
the remaining signals (C-S, c-s' , C-7, C-
7') being very similar. Compound 1 
formed a triacetate {4} when it was treated 
with an excess of Ac20 in the presence of 
pyridine {8 1.70 s (3H), 1.93 s (3H), 2.00 
s (3H)}. The foregoing data all indicated 
structure 1 for the new lignan, which was 
given the trivial name busaliol. 
The second lignan, busalicifol {2}, 
was isolated as an oil with positive optical 
activiry, and a [Mt at miz 404, consis-
tent with a molecular formula of 
C22H2S07' Its ir spectrum revealed the 
presence ofhydroxy groups (3425 cm -1) 
and an aromatic nucleus (160S, 1460 
cm -1). Uv absorption bands appeared at 
23S and 264 nm. Its lH-nmr spectrum 
(Table 1) was similar to that of busaliol 
and 3, with the most important differ-
ences being the presence of a triplet at 8 
1.05 (3H) and a multiplet at 83.09 (2H), 
characteristic of an ethoxy group and an 
additional doublet at 84.05 (1 H) typical 
of a methine hydrogen at a carbinol car-
bono The lH-nmr spectrum of2 also had 
two singlets at 8 3.21 and 3.17 for two 
methoxy groups, a broad singlet at 5.61 
(2H) due to a phenolic OH, a group of 
signals between 8 6.60-7.00 attribut-
able to six aromatic protons, and the 
upfield signals (8 3.08-4.05) characteris-
tic of aliphatic protons in tetrahydrofu-
ran lignans. 
The lH_1H COSY nmr experiment 
performed on 2 showed the following 
correlations: the doublet at 8 4.05 coupled 
with the multiplet at 8 2.57 and with the 
double doublet at 8 4.37 which estab-
lished the assignments of H-7 , H-S, and 
H-9¡3, respectively; the doublet at 8 4.63 
coupled with the multiplet at 8 2.04 and 
with the double of doublets at 8 3.2S 
which established the assignments ofH-
7', H-S', and H-9'ex. The H-2 and H-2' 
protons were also seen to be coupled with 
the OMe groups, indicating the presence 
of two 3-methoxy-4-hydroxyphenyl 
groups. The ms showed a fragment ion at 
miz 151 (CSHP3) as the base peak and 
another significant peak at miz lSl 
(ClOH I30 3). The 13C-nmr data were simi-
lar to those of 1 and 3, with the presence 
of an additional methyl carbon at 8 15.4 
and a methylene carbon at 8 70.65, cor-
responding to CH3CH20- and 
CH3CHp-, respectively. 
Compound 2 formed a triacerylated 
derivative {5} when treated with Ac20/ 
pyridine. The most significant lH_nmr 
data of 5 were the three singlets at 8 1.56 
(OAc), 1.S5 (PhOAc),and 1.SS(PhOAc), 
and a very significant 0.32 ppm upfield 
shift of the H-S signals (8 2.25) in com-
parison with the analogous data in 2. 
This was due to the proximiry of the 
acetate group on C-7' and confirmed the 
trans stereochemistry of H-S and H-S'. 
The novel compound 2 was given the 
trivial name busalicifol. 
The absolute stereochemistry ofl-3 
could not be determined because only 
very limited amounts of these lignans 
were isolated. 
EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-Ir 
and uv spectra were recorded on Perkin-Elmer 
model 681 and 550 SE spectrophotometers, re-
spectively. 'H_ and 13C_nmr spectra were ron on a 
Bruker WD spectrophotometer at 200 (C6DJ and 
50 (CDC13) MHz, respectively, with TMS as inter-
na! standard. Eims were obtained on a Micromass 
ZAB-2AF spectrometer. Specifie rotations were 
measured on a Perkin-Elmer model141 polarim-
eter with CHCll in 5-em eells; tic was earried out 
on precoated Si gel (Schleicher & Schüll F-1 OOILS 
254). Merek Si gel (particle size 0.063-0.2 mm) 
and Sephadex LH-20 were use<! for ce. 
PLANT MATERIAL.-The leaves of marure 
speeimens of B. sa/icifo/ium were eolleeted at Bar-
ranco Rio Badajoz, Güimar, Tenerife, Canary 15-
lands, Spain in August 1988. A voueher specimen 
was lodged in the TFC file in the Department of 
Botany of the U niversiry of La Laguna. 
EXTRACTION AND ISOLATION.-Dried leaves 
(3.2 kg)wereextracted with eold EtOH. Thedried 
EtOH extraet was treated with H20 (300 mi). 
Solvent was removed from the insoluble fraetion 
whieh was then extraeted with n-C6H '4 (3 times, 
250 mi). The n-hexane extraets were removed and 
the insoluble residue was extraeted with C6H6 (3 
times, 250 mI). AIl C6H6 extraets were eolleeted, 
and subsequendy evaporated ro dryness, yielding 
112.8 g of dark residue. This residue was repeat-
edly ehromatographed on a Si gel eolumn using 
mixtures of n-C6H,iEtOAe of inereasing polariry 
and on Sephadex LH-20 eluted with n-C6H ,4-
CHCll-CHPH(2:2:1). Thefollowingeompounds 
were isolated: salieifolin (10 mg), isosalicifolin (8 
mg), (- )-epinorrraehelogenin (16 mg), betulin 
(0.4 g), 6,7,8-trimethoxyeoumarin (6 mg), 
bursehernin (89 mg), 8S-heptadeea-2(Z)-9(Z)-di-
ene-4,6-diyne-1 ,8-diol (0.15 g), kaerophyllin (16 
mg), matairesinol dimethyl ether (0.5.g), 
guayadequiol (9.3 mg), herniarin (6.7 mg), 
pluviarolide (3 mg), guamaroline (5 mg), p-
hydroxyphenethyl alcohol (6 mg), bupleurol (43 
mg), matairesinol (0.1 g), epipinoresinol (24 mg), 
seopoletin (10 mg), (-)-aretigenin (18 mg), 
seoparone (3 mg), limettin (3.4 mg), (-)-
norrraehelogenin (67.3 mg), guayarol (10 mg), 
thujaplieatin methyl ether (0.1 g), allohydroxy-
matairesinol (9.2 mg), syringaresinol (15 mg), 2-
hydroxythujaplieatin methyl ether (10 mg), 2,5-
dehydrothujaplieatinmethyl ether (7.8 mg), 3 (5 
mg), and che new lignans busaliol {1] (8 mg) (R¡ 
0.6; EtOAe-CHCll, 3:1)and busalieifol {2](7 mg) 
(R¡0.3; EtOAe-CHCll, 3:1). 
Busaliol {1].-Yellow oi!: {CdoD + 25° 
(c=0.2, CHCll); uv (EtOH) A max 234, 280 nm; 
ir v max (film) 3420, 2937, 2380,1612,1514, 
1463,1428,1371,1330,1214,1154 cm -1; eims 
miz {M]~ 390 (24),181 (100), 167 (22),137 (81); 
hreims miz 390.16788 (C21H'607 requires 
390.16785), 181.06536 (C 9HP4 requires 
181.06573), 137.06040 (C SHP2 requires 
137.06025); 'H _nmr data, see Table 1; 1lC_nmr 
data, see Table 2. 
Acetylation of busaliol {l].-A quantiry of 
Ae20 (0.3 mi) was added ro a solution of 1 (2.5 
mg) in pyridine (1 drop), and the resulting solu-
tion was lefe at 20° for 24 h to form a triacetate; 
eims miz {Mt 516 (4), 474 (2), 181 (32), 137 
(100); hreims miz 516.19954 (C27Hl201O requires 
516.19955), 474.18887 (C25Hl009 requires 
474.18898), 181.04999 (C9H904 requires 
181.05008), 137.06012 (CSH 90 2 requires 
137.06025); 'H_nmr data, see Table 1; 1lC_nmr 
data, see Table 2. 
Busalicifol {2].-A pale yellow oil; {a]20D 
+45° (c=0.2, CHCll); uv(EtOH) Amax 238, 264 
nm; ir v max (film) 3425, 2940, 1608, 1515, 
1460,1372,1270,1154,1117,1029,867 cm -1; 
eims miz {Mt 404 (15),181 (100), 152 (13),137 
(14); hreims miz 404.18348 (C22H2sÜ7 requires 
404.18340), 181.08651 (C¡OH¡Pl requires 
181.08647), 152.04747 (CSHSO l requires 
152.04734); 'H_nmr data, see Table 1; llC_nmr 
data, see Table 2. 
Acetylation of busalicifo/ {2].-Busalicifol ac-
etate {5] was prepared from 4 mg of2 as deseribed 
previously for4. Eims miz {Mt 530 (5),223 (20), 
181 (lOO), 183 (13), 151 (51); hreims miz 
530.21533 (C2sH lPlO requires 530.21520), 
223.09685 (C 12H ,50 4 requires 223.09703), 
181.08618 (C ,oH ,Pl requires 181.08647), 
151.03944 (CSHPl requires 151.03952); 'H_ 
nmr data, see Table 1; 1lC_nmr data, see Table 2. 
ACKNOWLEDGMENTS 
We would like ro thank the local Canary 
1slands Government (Project No. 11/08-03-90), 
CCYT (Projeet SAF 92-1028) and the Colegio 
Libre de Emerito for finaneial help. J.A.G.P. is 
indebted to the Canary 1slands Government for a 
postdoctoral grant. 
UTERATURE CITED 
1. A.G. González, R. Estévez-Reyes, and C. 
Mato,]. Nat. Prod., 52, 1139 (1989). 
2. A.G. González, R. Estévez-Reyes, C. Mato, 
and A. Estévez-Braun, Phytochemistry, 29, 
675 (1990). 
3. A.G. González, R. Estévez-Reyes, C. Mato, 
and A. Estévez-Braun, Phytochemistry, 29, 
1981 (1990). 
4. R. Estévez-Reyes, A. Estévez-Braun, and 
A.G. GonzálezJ. Chem. Res. (S), 220(1990). 
5. R. Estévez-Reyes, A. Estévez-Braun, and A.G. 
González, Pbytochemistry, 31,2841 (1992). 
6. R. Estévez-Reyes, A. Estévez-Braun, and 
A.G. González,]. Nat. Prod., 56, 1177 
(1993). 
7. A. Estévez-Braun, R. Estévez-Reyes, and 
A.G. González, Tetrahedron, 54, 5203 
(1994). 
8. S. Ghosal, S. Banerjee, and R.S. Srivastava, 
Phytochemistry, 18,503 (1979). 
9. W.A.)ones, M. Beroza, and E.D. Becker,]. 
Org. Chem., 27, 3232 (1962). 
10. S. Ghosal, S. Banerjee, and D.K. Jaiswal, 
Phytochemistry, 19,332 (1978). 
11. A. Estévez-Braun, R. Estévez-Reyes, and 
A.G. González, J. Nat. Prod., 57, 1178 
(1994). 
12. A.G. González, R. Estévez-Reyes, and 1. 
Jaraiz, An. Qllím., 68,415 (1972). 
13. R. Estévez-Reyes, A.G. González, and F. 
Rodriguez-Luis, An. Qllím., 62, 775 
(1966). 
14. A.G. González, R. Estévez-Reyes, J.B. 
Arencibia,].P. Pérez, and T. Ruano-Pérez, 
An. Qllím., 70,286 (1974). 
15. R. Estévez-Reyes, A.G. González, and ]. 
Herrera-Veláquez, An. Qllím., 71, 437 
(1975). 
16. R. Esrévez-Reyes and A.G. González, Phy-
tochemistry, 9,833 (1970). 
17. S. Nishibe, S. Hisada, and 1. Inagaki, Chem. 
Pharm. BIIII., 19,866 (1971). 
18. S. Nishibe, S. Hisada, and 1. Inagaki, Chem. 
Pha,.",. BIIII., 21, 1108 (1973). 
19. H. Maclean and K. Murakami, Can. J. 
Chem., 44, 1541 (1966). 
20. ].M. Fang, M.Y. Liu, and Y.S. Cheng, 
Phytochemistry, 29,3048 (1990). 
21. H. Achenbach, R. Waibel, and 1. 
Addaemensah, Phytochemistry, 22, 749 
(1983). 
22. ].B. Hanuman, A.K. Mishra, and B. Sabate, 
J. Chem. Soco Perkin Trans. 1, 1181 (1980). 
23. C.B.S. Rao (Ed.), "Chemistry ofLignans." 
Andhra University Press, India, 1978, p. 
179. 
Received 14 March 1994 
